The jet pump assembly is part of the boiling water reactor (BWR) recirculation system, which supplies the required coolant through the reactor core.
At high flow velocities, a pipe can become unstable by the change in natural frequencies.
Therefore, the flowing fluid inside the jet pump should be considered to elucidate its dynamic characteristics.
Most investigations, however, concerned one element with a straight or curved tube containing a steady flow(1)(2). Little is known about the effect of flow on a structure composed of many elements. This note reports a study on the vibrations of a fluid-conveying jet pump by expanding the theory for a straight tube. First, the equation of one element motion is derived to include fluid effect. Then, the frequency response and natural frequency of the jet pump are investigated.
The effect of the flow velocity on natural frequencies and fluid force contributions to dynamic characteristics are discussed.
The computational code reported in a previous paper(3) was used in this analysis. This code can be applied to any models once the equation of motion is formulated.
The jet pump about 6 m in overall length is modeled as shown in Fig.1 . For instance, mixer is assumed to be a straight cylindrical section of 188 mm in outside diameter and 7 mm in thickness.
The model simplifies the jet pump, which makes it easy to see the fluid effects caused by typical vibration mode shapes after removing a support at riser.
The effects of flowing fluid are included in the step for calculating dynamic characteristics of an element, where the structure and fluid are treated as follows :
(1) Jet pump, composed of 18 beam elements (2) Fluid, one-dimensional non-viscous fluid with a constant velocity.
A fluid flowing through a beam tube can impose pressures on the beam walls, which alter the vibration characteristics of the element.
The following assumptions are made in deriving the equation of motion :
(1) The effect of material damping is negligible.
(2) The flowing fluid has a constant and uniform velocity distribution. The third term is a mass term, while the fourth term represents the force required to change the direction of the fluid to conform to the curvature of the beam (centrifugal force). The last term indicates the force required to rotate the fluid element as each point in the beam element rotates with an angular velocity p2Y/pxpt (Coriolis force).
The dynamic characteristics of a beam element, which is conveying' fluid, are calculated from Eq. (1) by using the properties of stainless steel and water at a temperature 20•Ž. External force was applied at node point A (see Fig.1 ) in order to obtain the dynamic response of the jet pump after combining the dynamic characteristics of each element.
The flow velocity is taken as a parameter.
Natural frequencies of the jet pump change with increasing velocity of fluid flow as shown in Fig.2 . From this figure, the primary natural frequency can be seen to increase, and the secondary, and ternary natural frequencies to decrease for the large flow rate.
It is, however, noted that the flow does not affect the natural frequencies for the design flow rate ; they are almost the same as those for zero velocity. The change of natural frequencies, apparently in large flow rate, can be explained from the effect of the fluid centrifugal force to the beam force of restitution on a cantilever beam. The vibration mode shapes of the jet pump are similar to those of a straight cantilever as shown in Fig.3 . In the case of the mode for a primary natural frequency, for instance, the centrifugal force acts so that the beam force of restitution becomes apparently larger. Therefore the primary natural frequency becomes larger with increasing flow rate. Finally, the effect of fluid Coriolis force on the frequency response of the jet pump are considered. Figure 4 shows the frequency response of the jet pump for the design flow rate and for an extremely large flow rate. Coriolis force acts as a damping force for the large flow rate and creates a distortion of the response curve. This is evident from the fact that the last term in Eq. (1) involves a first order time derivative.
The present results are summarized as follows :
(1) In design flow rate, the recirculated mean flow does not affect the frequency response of jet pump in spite of a structure of low stiffness; the natural frequencies are almost the same as those for zero velocity.
(2) The fluid centrifugal force causes the change in natural frequencies related to each vibration mode shape. The Coriolis force acts as damping force.
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